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(57)Abstract: 

PROBLEM TO BE SOLVED: To attain high nitrogen trifluoride yield by allowing a fluorine reaction product to 
react with an ammonium complex reaction product of NH4Hx-IFx and mixing the reaction products with each 
other in a ratio to keep the yield of NF3 equal to or above a prescribed percentage. 

SOLUTION: It is necessary to allow gaseous F2 as the fluorine reaction product to contact with the strongly 
mixed ammonium complex reaction product containing a hydrogen fluoride ammonium solution (NH4Hx-lFx), 
(NH4)yMF2.nHF or these mixture. The equivalent ratio (melt ratio) of HF to NH3 in the hydrogen fluoride 
ammonium complex reaction product is about >2.55 (that is, x>2.55), (n) is a sufficient value to keep the 
ammonium complex reaction product practically as liquid (higher than 50volume%) in the reaction condition, M is 
an element of lA group to VA group, IB group to VlIB group and VIII group, (y) is 1-4, (z) is 2-8. The melt 
ratio is preferably ^2.85. When the melt ratio is controlled to high with the high mixing speed is used, high 
yield of >65% is attained. 
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(54) [58IWO«»] =7yfl:!gjfl<D^^j* 



(57) 

3 Fj + NH4H,..„F. > NFa + <3+x) HF 

mX\ aiSjl-^^S'vl 0 0 0W/m3 JJLhcoaV'.l/'<. 
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(NH, MF, • nHFm/^tli^cr)m-^m*^t>^ 

^^^mx-h 0 . ^ L-CMJiTcS^i^M^cO I ASi*>t> V 
A]KtT\ I BJS*»ii>V I I B^tX'RX/V I 1 imn 

7tm , MLmz ^ti cTiWi.-^'^i)^ <b ^ I. P J; 0 Wdix h ) 

^< t i> 6 5 %csii#-r4it^-r'is-^-ri. c: t i i. . 
8o%ic«nf-ri,it^Tis-^-r.&, mmm\tm<r)-n 

1 iE«ico:^a, 

[i«*3a7] HirEr>'^:-Ti!i5rNH3 . NH4 F, 
NH4 HF2 . NH4 C 1 , NH4 Br. NH4 I . N 

H4 NO3 . (NH, ) 2 SO4 mf (NH4 ) 2 CO 

[ If * JS 1 0 ] mif e^^EiDfSJ^** 93~204rc7)IE 

C»«JS 1 1 ] msdKmcr>%l&iit 1 2 1 ~ 1 6 OX;co 

tif«Jll2] Mifi^JEEcoa:^ 5:0-4 0 Ops i s 
( 0-276 OkPa (y-i/£E) ) cr)ISHlc:*t«F-r 

[fi^JSlB] miie^;i50JE:»3 5:0—5 Ops i g 
(0-34 5kPa (y-v'JE) ) OftHt^SsH^-r?.. 

i»*3S9ie«c7):^^. 

[ff«3ai4] 7-y«ixJ5!ili:. NH4 H(,.,, F, 

■ti-, a.'o:i1xhcr>Kma^m.^^f9[.^m->X. TT'u- 

H^-b->'$:^Oig^^®5:St^LT 1 m3 ^fcO 1 0 

0 0 "7 y vmL<7:>m-)i^mm^^mzm^\^x'i%hii 



Cif^ja 1 5 ] ffiei&:^3**5 o o o w/ms jjui-cfc 

ii5RJii4fe«o*-ft, 

[ttSftia 1 6 ] mUm^t^S 5,00 0W/m3 J,Xh 

T'«> h . 1 4 ie«co*}S . 
Ci«*3ai7] x*«2. 6 5m±.r3i-s.. is^i4 

t 181 x*i 2 . 8 5 m±-C'*>^ . iS^aa 1 4 

[it*:« 19] y -/mmMb , N H4 H 
(.-,) F, . (NH4 )j, MF, • nUFm/^tlt><r> 

(:Hxhcr>^i,zi5\^X . x{±2. 3 5VJ.±X'^^. y(i: 
1— 4TS>0, z(i2— ST'ftO, n{±R|S^{Cfc(,-> 

-caigr>^:::i'>AmKi£?fjj?:ii®wcaEi: i,xvm 

■t^^l.z-\-^t£m.X'ii 0 , tT M{i7E:fg<7)ig«Ba<7) I 

Amt^hVAmtx. I Bmij^(>v II nm^x'Rj/v 
1 1 i)Ktf07c«. m/(,z^ti^com^i}>t^^^i,mx'o 

(omvim^ 5 0 %iiLti,z^-ti> itrnx-M-^-ti- zti,z 

[mmm2 1 1 x*«2 . 8 5iji±-e*>?.. it^^i 9 
[«*«2 2 ] HuieNFa <7)MtKW6 o%mjir*> 

[ 2 3] HUiB N F 3 (Tym^mtf^a 0 %JjLhT'fc 

i««Jli 9iemco:^rS. 

[li5R]B2 4] 7-y«S:iSif5!li:. NH4 H,,.,) F, 

cr>Ty^=.'-;A^Kmm ( c:<505*£Ox{i2 . 5 sJjUi 
•eS>-S) i:$:RjtE§ii:, aoClix<bc7)S:C%^NF3 <7) 
im'i'J'^^K i: t 6 5 %tC*i1^-rSit^-Cig-&-ri.C: i: 

[000 1] 

»tcM-r€>. J: 0^*Wtcai.tf, *iiHfl{±, Z^-y-fb 
^^^OlR^S:SiilWt±#$-li-2.cOtC. J:»?iSV^HF : N 
H3 p<7WhJt (me 1 t r a t i o ) i:-g-^jE#g<7) 

[0002] 

<^mkx'i&m'r^rcisbi,z^ m&NFs co'^itt-r^i- 

:^#<'5rr)t:v^'5S. tc:^*^, NF3 ^m^him 



(3) 
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^h■^bm9^■^t^Wl^y -y ai-ft; ( e c f > t m.m<r>y -vm 

-ft; ( D F ) cOlR^Ji. Ill&fficO 5 0%*J||T-$) D , S€ 
AMe<)tc{±3 0— 4 5%co«eSIrtfS>l.. C:it^>(7)a* 
{irn-feX-C'ffiffl$il-|,F2<7)Sfi2-SlcLTV>S. N 
F3 ^^m-hfz)sbcr)nHi X{iNH4 * isMfnm^cr) 

C0003] 

[-fki ] 

3 F2 + NH3 >. NF, + 3 HF (1) 

3 F, + 2 NHj > + 6 HF <2) 

4 Fj + 2 NHj > NiFs + 6 HF (3) 

[ 0 0 0 4 J fv:b^sm»tc J; -i. tat i&jfiJ^RjEJi 
(2)T'$)0, C^tfiil^ t<^V>N2 i:NF<7);^i^Sg 

( 1 ) SrtiJlL, -e-LTR^B (2) t (3) iOS-^-V^S: 

v^^^-^A-ff-ONHs ooii:tgco:7'yS-fblcJ:DNF3 
SrSat-r^ia^cogt^O^Hi: tT, JR*«i3 0~6 3 

[0 0 0 5] NF3 ^rSift^JtiB^cO— H^^flt) 

^:^}£{i:*ia#itig4 0 9 1 0 8 mmmmc^ij<r>x'h 
-eixJi, m^oFj ^m^<r) mmLfz) y-viti^ 
mry^-'yM. (aaf) bim^-^xry^-^J^-^ 

m\mmwAA f tmm^-^xry^t-^M,^ 

5 0%<73NF3 iR^Sr-^i.^, -eix«. SJiEjStctJttl. 
aol 2 7-C-C'3bS7 x-(l:7i<*T>-*:i'>ANH4 HF 
2 COfflU^iOWV^jaKT'cJ^ilJ^if^jHFCOTV^:— TtCi* 

-ri.2. 0—2. 30)^)^]^: (.^)Vhit) ^mwthii 

^co-nm^-mmX-^sXMi. NF3 «7)@!S?^i:JR 
[00061 *BHtltll4 543242 -^-HJifBSlC^, 

%w-<r>y •ymtmw<r> {nu^ )3AiF6 srffiffl-ri. 

NF3 iT^-^fiEA^lB^j^^ixTV^^, NF3 cr>iSMi.y-vm 
?rS(C LT 6 5-7 8%(50liSIl^-C'J>o/i. 
[0007] !^BB¥3-2 3 2 7 1 0#^#BlCj±, 

y-vim. mmT>^-'^j^mjm7m<^y-/W}^hn 

[00081 ry^-Ti: 7 -y^fcc^lBRiai, ItgB 

^2-25551 1-^, IHI2-25551 2mBa/n2 

-2555 1 3-^#^*8tciea§ixTv^i.. mmco'Skm 

{ism\,Zi5\,>rc , 4 3. 7%<0NF3 lR^*«$8^$tlTV> 

[0009] ts!*g$&T-{S. *^BfllcJ: oT^«§n;^c 
mSfr>U^X'i^ -3 -CH7 •y-ftS^SriSat-r ■& t \iX'^ 



«-f-ltll*»^.cOH7-y-ftMScoffiM*^ti:^-r 
;pdf.'_^t^2|s:»A>-J; OiSv^cIi: H^-y^b^ 

^•r ^ i t *^ V u ^ J: «Br h . 2|s:5iHj{i ^ Tf ex- 

[00 101 

NH4 H(,.i) F, , (NH4 ) J, MF^ ■ nHF 

J^^W-m:^^ {Z.fLt^<ryit^zii\\X^ x(i2. 55\iLt 
X'hK). y{±l~4-C'$)0. z{±2~8-C'fcO. n{m 

tf^^wao I Afii*>^> vAj^^T, I Bmt^^y I I B 

fE%$-NF3 cOJR^Sr^i'^^r<^t6 5%tC*i»-r^Jt* 
Tli-^-tl.^i:t;J;0. NF3 tr-^^-t^t.zibco-JjmX' 

[ 0 0 1 1 1 L< {4, RjmnlitCi'-^K *> 8 0%co 

NF3 m.m^im'r?>itmxiM.^^ti^. j:<on^L< 

{is RJfE!|*|{4ij^^r< 1 9 0 %C0N F3 lR*?r«|«.^& 
[ 0 0 1 2 1 »^ t < J±. 

[ 0 0 1 3 ] L<«±. KJSWm^aif (bubble 
column) ^mzii\.^X^htl& . 

[ 0 0 1 4 1 t<<±. Kmiim^tzmm^ti. y 
•ymtry^-rm^ mmmm^^mi>zMt t . 
[0 0 1 5 1 *fSL<«4, ry^—rmiiNUs . nh 

4 F, NH4 HF2 . NH4 CU NH4 Br. NH4 
K NH4 NO3 . (NH, ) 2 SO4 m.t/ (NH4 ) 
2 CO3 m/l,z^tit:.cr>M^i)^(^^i,mi/'(>Mt£tl 

h. 

[0 0 1 61 if^L<(i:, x«2. 6 5m±T'*«.. «t 
0»^L<{4. x«42. 8 51iLhT-S>S, 

[ 0 0 1 7 1 ff^ L< {4. ±iERJiB<7)iaS{i; 9 3~2 0 
4'C(7)«Hi*iT*S. iOfftKti. ilBR/SScofflK 
{4 1 2 1 ~ 1 6 0'CiOiEiBl*IT-J) S . 

[ 0 0 1 8 1 »^ L < <4. ±ieRiE<^ff*«4 0~4 0 0 
P s i g ( 0~2 7 6 0 k P a ( y-'JS.) ) co^MP^ 

izmn^tLh, j;o»*t<{4, ism.ji^sjuio-' 

5 0 p s 1 g ( 0—3 4 5 k P a (y-v-'E) ) ff)Wm 

mzim^tit, 

[0019] m<^mmx'<r):^^mi±. y -ymmmt , 

NH4 H(,.,) F, Kjmi (Zcr)^<Dyi{i2. 5 5IJLh 



(4) 
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$rflB-:>T, WU-K ( f 1 at blade)^'-t' 

0 0 0 y .y htUitfO»:^]5:^itvI-^#glc:tt»^LTt#^> 

NF3 (D'^m.-ifmx'h^, 

[0 0 2 0] if^ t<{i. iJj^JtiS 0 0 0W/m3 
■C*)l>. iDiff^ U<«±. i!j^J(i3 5, 0 0 0W/m3 

[0 0 2 1] i^mMiiWiz. y-ymKmrnt. nh, h 

(,-1) F, , (NH4 )yMF, • nHF&t/^tL/i>£0 
l~4f$)'9. z(±2'-8TS)0, n{4K|C^mct5V% 
Ami}^^VAm^X\ I B]^*»^>V I I Bm^X'RV^V 

1 1 1 m<^7tm. m/i,z^tie:><7)m-^i}^i^^j:^ux o 

<mmmi 5 o%jit±t«t^-f-'i.Jt*Tii^-r«.<i t 

c 0 0 2 2 ] »i L<(±, N F3 coMtRmae o%m± 
•cj)^. j:04f^L<{±, NF3 nmmmi8o%a± 
x'h^. 

coo 23] 

LX<r>f^^Fi Sr. 7yfbl<mry^:^'>2>,?BE (NH« 

H(,-i) F, )tL<{±(NH4 )j,MFj • nHFX 
ti-e^t h co?g^!|% 2r •irtf^;f) tcig^ 1 7t T Alt 

C:<7):7 .y-fb7K^Ty^:-'>A|t#:RiS3?!|(7)HF^N Ha 
c7)aMJ:L{±*5*iJ;-f-2. 5 5tJl± (-r^ip*>xa*«;2. 
5 5 ) T'3!> 0 . iKSRJS^fKcfeV^TT^'^— -^ASIWc 
S:jE!t5!)$-||«6<)tc?S (ii'-<:5r< i: t> 5 0^«%) t LXU. 

vA]@i^T% iBs^*>^.vi i^mt-x-mfMi 1 1 SI 

A, i])Vi^^2^^ y.Vxny^^M.^ .'N'lOA, 
T;l'5-'>A, ;</''J'>A, >'i^''>A. ^'U»>A. ^r>f 

^^y. t'xvx. ail. ^, ife. mm. *KS'>A. * 

A. * 'jyT^V-. rJ'yr/X.T^:^. '7>ifV. U—^M,, 



Ux'T^A. - y^ryP. ^N'7i^''>AS.lXa^*^4^.|>S*^ 
^.SitfiX. y(41~4-CfcO, zJ±2~8-CJ)^, 

NH3 (7)J:b{C^L<, -eLT^/Uhit (me I t ra 
tio)t tDftmi.. »i L<{4. ;<;uhi:b{ifc*5j: 

8 0~9 0%i:V^aNF3 l\Xmtmi^ii:h . tti. fcfc 

^. <fc 'o^^^m.mm.i.tm.m ( 2 ) j; o t^js ( 1 ) 

[00 24] ^^BJi^aS^tC^LT. NF3 cOlfe^Ji^ 
/U^-C'. C3 (^$^X;tNF3cr)^:;l^»:) 

ittzFi <7)*/t^: 10 0. coj:dtc;LT^^§*t^. 
NF3 (nmwmi^]^^^^ C3 (^;&ixjtNF3 
(7)^;l^) /K^Et/iF^ co^ivm'i 100. coiolc: 

LT^^six*. F2 mi\Lmi=^)vm$rc\ i^mLtz 

Fj, <0^;P®^/flfel&LjtF2 co^;Ha:3 100. <r>Xo 
^zLX^^^tlh. ^)VViici±. RJtEJS+T-iOHFJ^N 
H3 c7)t;PJfC'«)-S., 

[ 0 0 2 5 ] #4 Lv^ffi«itc:t5V%T3|s:||BH<7)*ats.||Sjg 

-ri>i^{c(±. mfKmmmzy-y{t^mTy^=~^M.t 

HFSr. r>'^:-'>A*:y ( 7 -y-fb*^) SSfrNH, H 
(,-1) F, (^4«<7)xS|«;2. 5 5) 3&<#-J>^tSJ:^^ 

JtT'A^tl.. ^cr)W.^^Mi.zimL--^j:i}-h. XJ^-i^-^ 

^mvxz<om^z%WFi ^«*&-r^. -kt^Fj tirv 

:&:i^A,-K'J (^-y-fk**) mtR;5tTNF3 
St-StRW(c^« L . ^Kbtij {catt^co H F t i!'-fi 
<?5N2 gijtc. ±iec7)?g(-^#cN H3 StX^n- 

c7)RJtEcO;ttf>t:J:'3^<<^r>'*-»>AdfU 
«) NH3 SrJuxSJt^fi. 

Jt*>'S*t)2 . 5 5l,zkt'thJ:d ^j:U<Mztm^ti 
Sif*:NH3 Sr|iI^lC^»*&L-CtL.^<Tt35V^NF 

<, 'eixt5>i.NH3 (r>mm<^mi^ti^Wi\X'$>h. z.tih 

[0026] 

[-(1:2] 



(5) 
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3 Fa + NH4H(K.,))F, 



NFa + (3+x) HF 



(4) 



NHa + X HF 



NH4H,x.,)F, 



(5) 



3 Fa + 2 NH4H,..,)Fx »- N2 + 

[0027] jt^^jicoH Ft~mi,z^& tm^mmfH 

3. mtlS^ NH3 , NH4 NH4 HFa . NH4 
CI, NH, Br, NH4 I, NH4 NO3 , (N 
H, ) 2 SO4 Jtt/' (NH4 ) 2 CO3 t:iSlibfz. ry 

"e-Txiiry^E-^M.^c^xd^mkM^mm-t^^ 

^■^^^f^cr)Ty^—^J^yfU:^rJM:S'U—h7i<V (7 
J^^i^CD^iSmi^ ^ Xtii (NH4 ) y MF, ■ nHFT- 
ti>'^AmtX\ I Bi^*>^>V I I BmtX'RX/V I I I 



(6+2x) HF (6) 

Ks:^mzii\^xTy=^-^j^mi^^mt Lxm^-r?> 

±, »^ t<«i6 0%tUi, «t»tL<<48 0%tUi 

[0029] ^wm-owxffMmmtmmi. ^/m 

[0030] 

[«11 



^ 1 



HP/MH, It 



^j|l^2.55 
93~204X! 



S«S)2. 65~3.0 
121— 160*C 



NH, mm. 

NH, iiK 



0~400psig 0-~50psig 
( 0 --2760kPa<y- JJffi)) < 0 ~345kPa(y- y£E)) 

Itfr-Bi} 5 8>~2» 

10~100% 100?tf 
10~100>< 80~100« 



aiOOOW/m' 

aioow/m* 



[0031] 3|s:f6B^tCtJ<,^TIi, iSv^^/UhJtfcKlSiBj 
m-tf Xtimt^coSSti , W^coigf+mxti ^ - 1' y 

fcV^T^±. 1 00 0W/m3 L<(i5 0 0 0 

W/m3 Stif^L<(i;3 5, 0 0 0W/m3 ^ 



asooow/m* 

S500W/m' 

[0032] ^i^«Lt^:fr&Tti, l*I±Lfc«^X»±«8 



(6) 
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<r>y 'j^%rv^-^j^ (aaf) "4>tc+^^is:-r 

h , ^W.<r>m.-^\ ^if}Lm--th i: F 2 ijT.}:. Wi^K A F t 

[00331 %-mm.-^immL^Lx-^tit>^w.m^ 

mX'^'^miL $ tLfiOgft AiX ^>iX-CV'>i,, Bakke 
r ^>tCj:SftigcofSr:S: "How to Dispers 
e Gases in Liquids", Chem 
ical Engineering, Dec. 19 
9 4,. PP9 8-1 04lC(i, ^-?aig-^2:ftii-fl:-t 

Lx^^Zim<?yxm.ii^mk^tix\'^h. :i<miXk±. -m. 
f,z^nMihtttimiiktwmmmzmLx. ^m^X'-i^ 

h i}^(r)WFf,z^whm^R(r>mm.^m^ l -c v ^ & . 
[00341 i^&Mm<r)m^t^^<r)mn<^mm.^m^-t 

[0 0 3 51 
[^1 1 

a=(Zg-Zu)/Zg (7) 

[0036] icOiCcOZ, {±;<rxii-gSa:S4'<^RjESIl*l 

imcr)J;:oizLXtm.^tl?>. 
[00371 
[SC2] 

T=Vg/Qg (8) 

[0038] Zcr,^c7)V^ (4?glc^HiL7^v:*'Xc7)^«-C 
[0039] 



[ 0 0 4 0 1 5(i < 8 ) wVg izRXLXi^zco^t/^n^ix. 

[004 1] 
[|$4] 

T = aZg/Qg (10) 

[0042] Cicoi^ic. X?■xcO;^-;^Hr -/TSriiiQ 

[0043] m.n\^fzm.mmzr>\^xii. mzm<ifhm 
mzx *)mn.^rzr)(nmi^m^R^mm^'^h:LtX':ff 

[0 044] 

a = Cg(Pg/V|)\^ (11) 

[0045] :Lcr)^(r,P^ /Vj {±#fir$«S/cOOtl) 

ax(i\ %-wm:^mm.m,iz<r)immmzm^^m^ 

[0046] 

[ikei 

a b 

kLa = Ckla(Pg/V|) u (12) 

[00471 Cuia . aatAb{iSiKc7)^T-*S. 
[0048] M?atSKJEtfffiO*l^{4, A . G . J o n e 
s, "Liquid Circulation In 

A Draft-Tube Bubble Colu 
mn". Chemical Engineering 

Science. Vol.40, No. 3, 

P. 449 (1985) tcie«§ixTv^i,i3ic, 
»xmkth%mzx ^tp^ixh'^&itmzx ^mn-t 

[00491 
[1R71 

Pg = Pt>Aln{{P + pm9HmVP} (13) 

[00501 hh\.ms^wmMti ^crimmmmzm 
Lx^\rd:>nm*)X'ib*) . 

[005 1] 
[S!t8] 

PgA/| = (PWHm)ln{(P + PmgHm}fl'} O*) 

[0052] z.ixh<r)^x\ p\immi-X'<^S.^X'h 



(7) 
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[0 0 5 3] ZCOXol,Z, ^^{Cil<i6<i>h.i.-#.G[^m^ 

^<r>m^zi5\,^x'^(yU.tzm:hm^m(^m.\i. b a k k e 

[00 541 
[IS9] 

P = NppN3D5 (15) 

-m-hmx'h*). p\,mmm:h*). mt^y-<.y-m 

ke r t>cr)mX(^^2l,Zyri^iXtzXo{iZ-i >-'^y--<r>-i^ 

■iTkzm^-th. ^W'mmnmtm(r>mx'ii. ^-rrx^ 

5 . 5 0(7)-^ >'^5-t!j:t)St*^'^ (15) (cjSffl^ia 
[0055] ^^gif T-{ia i: ki. a{C i O^S^l-Sii-^ 

<''>HF-s-qfirsi:t ttc^j^-T'S.tfoti. ^9^^*R^B^^>sv^ 

«5^vSRJCt5tC[5S5e:$^l^V>, "ChemicalRe 
actor Development", D. Tho 
enes, K 1 uwe r Academic Pub 
lishers. D o r d r e c h t . Th e Ne 
therlands (1994) pp98-114 

[00 56 J tJi>J:-?-2. 5 5JjLhcO^;UhJtT', flo 
^T'lx- K:$'-h'y$:^tCfC::!'^=^<r< 1 1> I 0 0 0 W/ 

m3 \i\^o^M.^fz^(m-nthx^^h.hmxi.fzm. 



[0057] 

[*M^J] Zcomiii, HF/NH3 :^Jl'hit (x) *JN 

F3 (^'MmmtrnmizRii'-tm^^yn-rmm^tm-t 

^. 2 . 0 U -y h/UcOt:t-;U (M o n e K ffiS) 
JSE^(IIS4'f>'^ (lOl. 6mm) . 1 2'f 
( 3 0 4 . 8mm ) ) (3 I . 6 k gcoy -y-it^mT 
y^-'>j^NHt HF2 SrAn, 1 3 0-ClcJnML-CC: 
cOlUPJaSr^^ii-T , mmmm l. 2 2 U y hypco 

MS*tTn-r. ?g4>^<7)F2 AP'ff. NH3 AP 

-otffz. 3 5, 2 8 8W/m3 tCffla-T'i.ft^'- 1 6 0 0 
EIk ( r pm) e^MfPjUKT-, F2 Sr200X:?yr- 
Hi::tr-fey-f-;^— h/l^/^^ (seem) ai^NHa Sr6 
0 s e cm•C1Sl4''^JllOJi^/i. HF/NH3 ^/l^hJk 
5:2. 28 — 2. 8 5iOKHt-*>?t O^U^-lir/i. 
*§tf ?«(CJott-g.t§S^$tl.7tH F/NH3 

S.IXN F 3 jM#?^$r*(C LT 1 m/M 2 \,Zif 
^yliZLX^^ixh) . 

[00581 

[^21 

£ 2 



HF/NHs 




Fi mt^L 

(%) 


i%) 


2. 28 


23 


99 


23 


2. 46 


42 


99 


42 


2.56 


73 


99 


74 


2. 80 


90 


95 


95 



[00 59 1 zixi><^mmi, pifuhit^±^^-^hz 
t. br)him^i^m<7)2. 2—2. 5b\,^o^mx'o 

hb. ::^^^>WJ:'9Sv^J<;^^JtT'^0^■f^^i:NF3 

m-^fzubco^m ( 1 ) i^L<mmL. ^tx^ 

{i, rase ( 1 ) A*KmS^ttJi&$^X7t7-y«*<Stt.?.K 
i&^9 5%i 0^<tfOSiJ^$ri?lt o-C i 

■?-ixT'«±Ri5 ( 1 ) {iKJ£S^e^J&$*T./iF2 *>'^(t^ 
asEc^;^?* 0^50 %^co^\-^^ ^»)hfmX'h K) . 
^LXKm ( 2 ) *«RJSL7tF2 c7)5 0%X OSv^iU^ 

[006 0 1 NF3 commit :^ ^ ^-r h 1^ y y ■(-'^ 
[0 06 11 ±^<0J:3t^, ;<fX^'avh;r97-f- 



(8) 
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-i -m.i , mmz^&mw}^ <^ n a f t ct)!^^^?^!^ 

hh^^\±0-)i'\ihv );y (-8 0°C) T'c^^g-fWc J; 0 
mcOHFS:BX0^#, {5:t3^«^cOA I2 O3 fcco 

COO 62] 

3 F2 +AI2O, » I.5O2+2AIF, 

COO 6 3] NF3 . N2 . O2 , N2 F2 S.t/N2 O 

■9i-^Ltz. c:fL^><7)GC7-'-:J'$:fl6-?T. NF3 tfOJR^ 

F2 co^:;PSS:D 1 OOi:LrtfS:t;t. NF3 
(%) C3 (^fiScLTtNFs C0^:;l-g5:) /"RlELys 
F2 c7):e;i^3 1 OOfcL-Timt. -etTFa fe-fL* 
(%) ti CRJCt7tF2COt;Hgt/fl»&L/iF2 <7)^;u 

8StD 1 OOt LTttSCLTt. «*#L;t2F2 co^)\MhK 

f*) ^<r)-^mi^^^a)GC^igxi}^t,ai^)VW^ (%) 

F2 Kmmc^mm^'iii^m.b t i^iztm Lxt^M^tt 

C 0 0 6 4 ] C^J2 3 COW{±, il):'3/^Jt3&«N Fa 
* . 9t<^mX'm.m Ltzn t^^ESS^r . 2 O O s c c mco 

F2 mi^T^x'iso'cxmx/mmLtz. hocos^ts 

HF/NH3 ;^/Whifc (MR) -^mmLfz, #{4«W3 
/iOfJORj^j^-'S 5 1, 4, 4 1 l&Uf3 5, 2 88W/ 
m3 t:'<?D»m5:lI3tC*-t, NH3 HF/NH3 ib 

if 2. e'sx'crtmmz'o^.-^xco^w^i.zm^Lfz, iix 

f>(7)^m«i. iOftV^HF/NHs p(■)VVmzi5\^X. 

m.mmt^ti^:ib^w^Lx^-^h. mkimcrt^mt^^ 

^HF/NH3 y^>VV]t (x = 2. 3) mt^SLK 

S)?. <^Mi*{a^l7t 0<oi6:^j*«iiJirr-5,tco^i.T n f 

3 <r)lR^(OK#{i(ii:^^:••l.^>i^^^,^. Fj fe-fk^Ji:. 
ll3i:|SIt^lc:ov'>Tll4t3^nL7tJ: -^tiDlS 

fiXmMl<ziSiT-th—1iX\ 2. 3cotie*iS^|;iOJtT-« 
JtJf )IJK*-'ffiT-r h tcoii F 2 iK-f k^iOiSTJi* 3 i: /I t' 
J>SV^«ii!'-Lta4.<X^l,^. 03<^)-r-:J'$-TiE<?)^3 

C0065] 
C«3] 



m. 3 



Np, (Dum (%) nmtiymm.it 





2.3 


2. 65 


2.85 


550 W/m* 


31 


25 




4500W/ni« 


27 


48 


61 


35000 W/ III" 


37 


83 


87 



[0066] 
[mi 



m 4 



^ ;U hit 


2.3 


2.65 


2. 85 


550 W/m* 


89 


68 




450OW/m' 


99 


95 


63 


35000W/m' 


99 


97 


91 



c 0 0 6 7 ] c^j3 :i ^co^M. a^T&iN F3 mmzjBL 

aetffS-, M#^$:l eOOrpm («):^j=3 5. 2 
8 8W/m3 ) :^rT'iagESr 1 2 5X:*»f> 1 

so-c^T'^^-fb^-ti-c. m-(fm.mLtz. m5\,zWi^hh 

hl,Z7nLtzi.o<<z^ HF/NH3 ^;H-Jt(MR) i,^ 
l&S-a-Jt. 2. 8 l«0»lS<7)p<;UhJtT*fi. ^JgSrl 3 
O-C^^^jI 5 0°C^-r-±#$-a-;tt§<7)NF3 IR^cOifi 
TJiS'hRRijCOiciit'^r^-ofc. -eft J; Oift^-^JfC'ti. 
«a«fr±#$-li:SlconJR*36iffiT-r§ i: J: O^U 

<??«i*c7)JR^(i 12 5—13 0°CT-1#<i.iX7t, «V»H F 
/NH3 ^/LhitTti. tS3|5gt*&S:ft«-rSffiV>^;Ph 
JtttiSfMWlciOffiv^iaKfSSv^NFs IR**«*1H^$ 

(5 0. 8min) Tfil^AiTa-f^^ ( 1 82 9mm) 
( 6 . 3 5mm) c7)?|<¥^X>'\-->'>1t^fl OWtt. ± 

-^•(25. 4mm) , ^$2 0-f ( 50 5mm) <^ 

Rjii;^9ASr. 2-fyf-(5 0. 8mm ) O^^l^lOi 

li)^lh>^htltd^^:Z:iX'mz\^X^L^ -eLT^Il 

m^mA 0 9 10 8 1 ^^mm<<zsdm^iifz%^imi3- 

^>(0^»S,L^J:')©i'->HF/NH3 :;^)VY)tX':L<r>mf 

h (^5) . 
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[00 69] [:^5] 

m 5 









^^ 


it 


i%) 






it 


(%) 


CW/m') 


mi 


HP/NH, 

it 


{%) 


V.VV/' 1X1 / 


1 


Z2S 


23 


35.288 


5 


2.09 


58 


376 


1 


Z50 


53 


616 


2 


2,33 


30 


35.288 


3 


2.10 


44 


376 


2 


^50 


69 


616 


3 


^36 


37 


35.2ffl 


2d 


Z20 


32 


376 


3 


2.54 


66 


623 


4 


2.43 


42 


%288 


2 a 


^22 


32 


376 


4 


Z56 


58 


615 


5 


2.56 


73 


35.288 


2b 


^28 


41 


376 


5 


Z70 


58 


185 


6 


Z63 


82 


35.2^ 


4 


^30 


53 


376 


6 


Z86 


53 


615 


7 


2.65 


83 


35. 288 


5 




35 


376 










8 


2.66 


85 


35.288 


















9 


2.70 


88 


35.288 


















10 


2.80 


90 


35.288 



















[00 7 0] ^ix^.<5^^*{i06f tit«S$il.i.. ^^T. 

[007 1 ]*^H^tc:J:-:,Tj;OSV%NF3 JR^*<#/^ 
m2. 5 5 m±(75 H F/N H3 ifC^^-T ^ i t cOi^* 

!ww=m4 0 9 1 0 8 1 T'?> 0 . mmmmm<omm- 

4 0~5 0%<:OAM6^lR**i#^>ix;t. *^Hfl(?D||^ 
X'COm^X'ii. 9 0%tONF3 IR*t9 7%<ONF3 ® 

W^h—rxTiyr^-^-^ -t^h-h ( 1 ) 2. 2~2. 

5 1 1,^ ofif^iOmgT^ -SKHJ: 0 tSV^H F/N H3 
^yl-hit^rOfflL. -?-n*<.fA^t>S/i>ife!C:t{cNF3 m 

mmi±.^^^hzt. -eLT (2) mewm^^/coco 
Lxm^ti^Km^m^^mi^xitmw^^ 

zt. izXhi><r>X'hl. 

[0 0 7 2] \^±Lf^Umi,i±^^ix:BUF<7)&^:^M 

im(r):fjmx'ii. HFmsmnNHc, iiati>ztx'r 

IjKVH (0. 4 54 kg) CON Fa ^ti'OS. 

H ( 1 . 5 9 k g ) 07 "/i\Ly\^mTy^—^MZ'mV\^ 

w<^j:mm\kx'hh. m^im<r>-nmt.ziint:L<r>m 

^tlOPgiiti. USAF Propel lant Ha 



ndbooks. Vol. Ill, Part A, 
Nitrogen Trif luoride, Sy 
stems Design Criteria, pp 
7-7 to 7-1 0 (AFRPL-TR-77-7 
1) {191 Q^m) i,Zi5\^X^W}^miibt=tlX\^ 
TiB<0*6lc*$tT.;t3ls:56H3£0:frat*lll!»fF|g4 

0 9 10 8 i-^rmmm<^mm^m<^-nmtx'mmcrm 
^^imtht. mmmicoumizx^^^tihTy 

^r^-^AmraSfelN H4 F, HF«. ^(r>m^'T- 
'S'^MZ'f-h-h^:h^\\\mn^1xfzT—!'^:mmLtzm 
S-r^JR^S:»CLX. ^Wnt:±MhZtmRt^i)>X' 
hh. *l6BH<i*ll!ft¥F»4 091081 ■^J:'3t^< 

nmthfzih'^u.Tu-\:.x^mzMmM^'th z t 

•C^^. bZ^tK rv-^-'^A^gfiisNH, F, HF<i 

iz^^tL. ^Lxz<r,msmnmmm^ii^i,z^ 

1^>'H(0. 454kg) iONFj mtc*) 
7-y-ft7k^T>'^:-'^Ac7)ISSI??!JSr 1 . 3 5. -fry K 

( 0 . 6 12kg) ^t^it^mfX'h 0 . *n!Rp«=m 

4 0 9 10 8 1 -^t Jt-^T 6 1 %<7)^^C^r§ . meiiz 
m^^iitzma. *%BJt-ov>T«i2. 8<7)j<;H-Jtlc 
*fjC tTfc 0 , *ll^?f»4 0 9 10 8 1 ^lCOV»Tt4 

[00731 
[«6] 



(10) 
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m 6 





a(lb)Ckg] 


HP (%) 


Clb)[kg] 


(lb) [kg] 


HFci: LTlHliR 

<%) 




3.5 
LI. o9J 


10 


0.5 
[0. 23] 


2.7 
[1. 22] 


15 




1.35 
[0.61] 


40 


0.22 
[0. 10] 


0. 98 
CO. 44] 


18 




2. 44 
[LU] 


10 


0. 05 
[0. 02] 


1.69 
CO, 77] 


2.9 




2. 12 
[0. 96] 


32 


0. 20 
[0. 09] 


1.54 
[0. 70] 


11.5 




1.47 
[0. 67] 


32 


0. 246 

[0. 12] 


1. 074 
CO. 49] 


15 



1) mmtizmAh,iiii.te. 

2) ttmm 

[0074] v->< oA>c7)iff t L\>mm(>zm^Lx:^^m 

X'h^. :><JUhitcr>m^^bZ^X'f^±LfcNF3 Hfc^tfi 

[02] miSi.i/mit.z^^ntzmtr'-:s^i,z'o\^xN 
F3 as?^S:HF^^r» (HF/NH3 ^^^^lt) i>zn 

tro •/ h Lfzi^yyX'h^. 
[03] M2tCj:i.H7-y-ftM^^RS;tC*3l->T. 
/UhJt(MR=2. 65. 2. 85) X'cr>^W^(r>Zr> 
0$f^ L<.^^«tCOV^-C<RV^;</WMt (MR=2. 3) 

T'cowtitKLTNFs im^m:h/^n\t (W/ 



[H41 ^J2&^;^a3T-t>-5T?8^§i^Jt|B)tllls^x- 
^^c:ov^TF2 mm'km^xmm.vc (w/m^ ) {c*t 

^mi=t3 WT^v ^^ ;p b Jt(iffiv ^;>< h Jt J: *) i, IS:*]/ 

[051 WStTj^^mtcov^TNFa ite^^iS^ CO 

(ct3V^T*v^;<;l.hit (MR) {4ffi?S-C'<iffi^;H-JtJ: 
0 fcjaJKtc*tL-eix*3i:®aST'=3r>-^J: t S-ittHHLTV> 



[06] ( a) 0ij4tCj:O^/UhJ:b€:2. 28*^A,2. 
8 5 ^T^-fL^-iirTtZ:? -y-fCMfg-^fiicfflcO^flBgOWft^ 

KJB^mm. (mep ) , ( b ) Jieii#i^m4 0910 
8 mmm<r>wmm (ssc^haep) . atx ( c ) 
■^\^3t)i-vitx'cr>im.n(r>mm i^^^mnm {z-> 

V^T, NF3 i|i:*5rHF#:f» (HF/NH3 

Jt) t:itLTro>y hL;ti5^9r'-C3iS. 2|s:3^BHcom# 

fm^x o t N F3 Jt, 
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[01] 
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[1212] 
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[05] 




125 



130 



135 140 

■:a& ct) 
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16] 
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'J;*-^!!^!!, ^yi/yl^^N'rir 18049, T:^V:^^mm. ^yi^JW^:=>T 18031. 

n- K 1441 

T:j^^J:^'^mm. ^yS^;UyS-T 18103, 
2893 



